During the past twenty years, our knowledge regarding children with a Developmental Coordination Disorder (DCD) has enormously increased. About 5 percent of all school-aged children fail to acquire adequate motor skills without evidence of underlying pathophysiology. Often, the motor problems of these children do not stand alone, but occur in association with social-emotional problems or learning/attention difficulties (Henderson & Henderson 2002; Kaplan, Wilson, Dewey & Crawford 1998; Schoemaker & Kalverboer 1994) . Follow-up studies have established that the problems of these children may not disappear, as children grow older. Without intervention, the movement difficulties continue to interfere in day-to-day functioning. Until adolescence, the majority of these children (Cantell, Smyth & Ahonen 1994; Geuze & Börger 1993; Losse et al. 1991 ) may experience considerable educational, social and psychiatric consequences (Skinner & Piek 2001; Hellgrenn, Gillberg, Bagenholm & Gillberg 1994) .
In order to help children with DCD to overcome their motor difficulties, intervention is recommended as soon as the problems are identified. According to the first two criteria for DCD in the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV), the diagnosis DCD is to be made only if the performance in daily activities that require motor coordination is substantially below that expected given the person's chronological age and measured intelligence (Criterion A), and if the disturbance in criterion A significantly interferes with academic achievement or activities of daily living (Criterion B). Criterion A is often operationalised as a score on a standardized test of motor performance lying more than one or two standard deviations below the age norm (Geuze, Jongmans, Schoemaker & SmitsEngelsman 2001; Henderson & Henderson 2002) . However, for purposes of screening in large populations of children the administration of a standardized motor test is too time consuming and expensive. Screening with the use of questionnaires on motor performance to be completed by either parents or teachers would be a valuable alternative, as they are less time consuming and less expensive to administer. In addition, such questionnaires provide information about the child's motor skills in daily life at home or in the classroom (Criterion B). If a child is positively identified with a motor screening questionnaire, subsequent administration of a standardized motor test is required in order to verify whether criterion A has been met.
The use of a reliable and valid screening instrument is thus essential for the early detection of DCD and can lead to timely intervention. Currently, no effective instrument is accepted for early detection of DCD . The Movement ABC-Checklist was introduced for identification of DCD by teachers (Henderson & Sugden 1992) . So far, however, research findings regarding the accuracy of the MABC-Checklist are conflicting (Junaid, Harris, Fulmer & Carswell 2000; Schoemaker, Smits-Engelsman & Jongmans 126 2003) . In addition, the checklist was judged to be too long (48 questions) and timeconsuming.
Recently, in Canada the Developmental Coordination Disorder-Questionnaire (DCD-Q) was developed to identify children with movement difficulties (Wilson, Kaplan, Crawford, Campbell & Dewey, 2000) . This parental questionnaire can provide a qualitatively good and accurate assessment of the child's motor skills in daily life (Crawford, Wilson & Dewey, 2001 ). The DCD-Q seems to have potential as a screening instrument for DCD, but research concerning the psychometric properties of the questionnaire is still limited (Wilson et al., 2000; Crawford et al., 2001) . Aim of the present study therefore was to investigate the reliability and validity of the Dutch translation of the DCD-Q in a Dutch population. The DCD-Q is developed for children from 8 years onward. However, earlier identification is warranted because there is evidence that DCD can lead to social-emotional problems, such as poor self-esteem, as early as six years of age (Schoemaker & Kalverboer, 1994) . Consequently, a second aim of the present study was to investigate the usefulness of the DCD-Q in children from age 4 onward.
In order to investigate the accuracy of a screening instrument, an objective measure for verification of a diagnosis is needed. However, at present, no gold standard exists to diagnose of DCD. Despite this fact, the Movement Assessment Battery for Children (MABC; Henderson & Sugden, 1992) is increasingly used as a standardized measurement of motor skills for identification of DCD (Rodger et al., 2003; Geuze et al., 2001) . For that reason, the concurrent validity of the DCD-Q will be examined by assessing the extent of agreement between the DCD-Q and the MABC in classifying children as those with and without DCD.
Previously, the concurrent validity of the DCD-Q was investigated using the Bruininks Oseretsky Test of Motor Proficiency (BOT) as a gold standard. The sensitivity of the DCD-Q was found to be rather low: only 38% of the children with DCD according to the BOT were detected by the DCD-Q. Results regarding the specificity of the DCD-Q were more favourable: 90% of the children without motor problems according to their DCD-Q score also passed the BOT (Crawford et al., 2001 ).
Summarizing, the purposes of this study were: 1) to examine the reliability and validity (construct, discriminative and concurrent validity) of the DCD-Q in 4 to 12 year old children.
2) to examine the agreement between the DCD-Q and MABC in distinguishing children with DCD from those without DCD.
Method

Participants
Children between 4 to 12 years of age were randomly selected for participation from fourteen mainstream schools in the North of the Netherlands (e.g. every fifth child on the alphabetic list of school children in each grade). In this way, 655 children were selected for participation. Data of 45 participants were excluded because of missing data. Only two 13-year-old children participated, these data were also omitted. The remaining 608 children made up the random sample. See Table 1 for the distribution of children across age and gender. In addition, a clinic-referred sample was composed consisting of 55 children with DCD referred for their motor problems by their general practitioner to one of nine participating rehabilitation centres localized throughout the Netherlands. The inclusion criteria for the clinic referred sample stipulated that the subjects were 4 to 12 years of age, did not have any indication of a neurological or physical impairment during the examination of a rehabilitation doctor, and had an IQ-score above 70 on an intelligence test. Factor analysis on the DCDQ revealed four distinct factors explaining 63.4 % of the variance: 1) motor control when a child is in motion (5 items), 2) fine motor/handwriting (4 items), 3) gross motor control/planning (4 items), and general coordination (3 items). The internal consistency of the questionnaire is high (alpha = .88).
The Movement Assessment Battery for Children (MABC): The MABC developed by Henderson and Sugden (1992) was designed to assess everyday motor competence of the child. The MABC provides an indication of a child's motor functioning across fine and gross motor tasks. Performance is related to motor norms using age-dependent standardised scores. The MABC provides norms for children aged 4 to 12 years. There are four agerelated item-sets, each consisting of 8 items measuring different aspects of motor ability; 3 items measure manual dexterity, 2 items measure ball skills and there are 3 items for static and dynamic balance. Children can score between 0 and 5 on each item, so that the total score will vary from 0 to 40. The total scores can also be transformed to percentile scores, which show the child's level of performance in comparison to that of peers. In the present study, the 15th percentile of the total score has been used as a cut-off criterion between normal and borderline/deviant motor performance. When the 15 th percentile is used, both children at-risk for motor problems (scores between the 5 th and 15 th percentile) and those with deviant motor performance (scores below the 5 th percentile) are separated from children without motor problems (scores above the 15 th percentile). According to the data from the Dutch standardisation of the MABC (based upon a random sample of 549 children), the American norms are valid for the Dutch population. (Smits-Engelsman, 1998) The MABC has acceptable validity and reliability. (Henderson and Hall, 1982; Lam and Henderson, 1987) .
Inter-rater reliability for this test ranges from .70 to .89 while test-retest reliability is .75 (Henderson and Sugden, 1992) . Research has shown that the test is very useful in identifying children with general motor difficulties (Laszlo and Bairstow, 1985; Henderson and Hall, 1982; Sugden and Wann, 1987; Henderson, May & Umney, 1989; Jongmans et al., 1997 , Smits-Engelsman, Henderson & Michels, 1998 .
Procedure
This study was approved by the Medical Ethics Committee of the University Hospital Groningen. After informed consent was obtained from the children's parents, the participating children received an envelope at school to be given to their parents containing a letter and the DCD-Q. In this letter, parents were asked to fill in the DCD-Q and to return the DCD-Q to the child's teacher. After the completed DCD-Q's were collected, 53 % of the participating children in the random sample (randomly selected) were assessed using the MABC. Testing took place by research assistants in a quiet room at school. To prevent bias, the tester had no prior knowledge of the child's score on the DCD-Q. Parents of the children in the clinicreferred sample received the DCD-Q during their first consult with the rehabilitation physician. They completed the DCD-Q at home, and returned the questionnaire at the next consult. Paediatric physical therapists, experienced with administration of the MABC administered the MABC individually to the participating children in the clinic-referred sample.
Data Analysis
Questionnaires with more than 4 questions containing missing values were excluded from statistical analysis (N=45). When less than 4 questions contained missing values, these missing values were replaced by the mean value for that particular question. As the DCD-Q was developed for children aged 8 years and older, part of the analyses were performed both for the random group as a whole, for the 4-8 year old children and the children from 8 years onwards separately in order to be able to compare the results with those obtained in earlier studies on the DCD-Q.
Internal consistency (reliability): Cronbach's Alpha was calculated to determine the degree of homogeneity among the 17 items of the DCD-Q using the data from the random sample.
Construct validity: In order to explore the factor structure of the DCD-Q, a factor analysis (principal components with varimax rotation) was carried out on the data of the random sample.
Discriminant validity: the mean total scores of the clinic-referred sample were compared with the mean total scores of the control sample (ANOVA). An alpha level of .05
was used for all statistical tests.
Concurrent validity: First, the Pearson Product Moment correlation coefficients were calculated between the total-score of the DCD-Q and that of the MABC for both the random sample and the combined clinic referred/control samples. Second, the number of children passing or failing the DCD-Q and passing or failing the MABC was calculated for the clinic referred/control sample and the random sample. To separate children with normal motor performance from those with deviant motor performance the MABC total-score 15th percentile criterion was used. For the DCD-Q, the 15 th percentile was used as a criterion for DCD (total score on the DCD-Q ≤ 53 for children aged 8 years and older, total score ≤ 50 for 4-8 year-old children), as was previously described in a study to investigate concurrent validity (Crawford et al., 2001) . Beforehand, data from the random sample were used to investigate whether the Canadian norms were also valid for the Dutch population. As no differences in the frequency distribution were obtained, the Canadian norms were applied in the present study for the children aged 8 years and older. For the younger children (4-8 years old), the 15 th % was determined based upon the frequency distribution in the random sample.
Next, the sensitivity, specificity, positive predictive value and hit rate were calculated. Both the clinic referred and control sample were used for this purpose, as it is most efficient in a sample, which contains about equal numbers of children with and without a movement problem. However, these measures were also calculated for the random sample, in order to investigate the usefulness of the DCD-Q for community screening.
Sensitivity refers to the percentage of children with problems according to the MABC that is correctly detected by the DCD-Q. According to the norms of the American Psychological Association, approximately 80 percent is preferable (APA, 1985) . Specificity is the percentage of children without problems who are correctly identified (90% is preferable). (Crawford et al., 2001 ). Mean Movement-ABC score (range) 19.5 (10-34.5); SD = 6.9 5.6 (0-15); SD = 3.7
Results
Sample characteristics
Mean DCD-Q score (range) 38 (23-61); SD = 9.3 63 (47-99); SD = 10.5
Internal consistency.
For children aged 8 and over, Cronbach's alpha coefficient between items was .8672.
Deletion of item 11 did increase alpha to .8786. For the 4-8 years age group, the alpha coefficient was .8763. Deletion of item 11 in this group did increase alpha to .8897.
Evaluation of the DCD-questionnaire
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Construct validity
Neither age nor gender had a significant effect on the total score of the DCD-Q for children aged 8 and over, F (4, 267) = 1.087, p .363 and F (1, 267) = 1.206, p = .273, respectively. For the 4 to 8 year old children, the effect of age on the total DCD-Q score was not significant, F (3, 313) = 2.306, p = .077, but a significant effect of gender was found, F (1, 313) = 8.375, p =. 004. Boys scored significantly lower than girls in this age group (M = 60.6
for boys versus M = 63.9 for girls).
Factor structure.
After factor analysis (principal components analysis with varimax rotation), four factors, with "eigen-values" greater than 1 emerged in the 8 to 12 year age range. Together, these factors explained 67.9 % of the variance. Factor 1 ´control during movement  explained 42.6% of the variance, Factor 2 fine motor / handwriting explained 11.5 % of the variance, Factor 3 general coordination explained 7.5 % of the variance and Factor 4 6.3% of the variance. See Table 4 for an overview of the factors and their factor loadings. When the random group as a whole was included in the analysis (age 4 to 12), three factors with "eigen-values" greater than 1 emerged, which explained 58.9 % of the variance. In this age range, the two separate factors that were found in the older age group (factors 3 and 4) emerged as a single factor. In both samples, item 11 did not load on any factor.
See Table 3 for the DCD-Q-scores in the random sample per age band. 
Discriminant validity
To examine discriminant validity, the difference between the total scores on the DCD-Q for the clinic referred sample and the control sample were compared. The difference 132 between these groups was significant (F (1, 110)= 174.488, p < .001), the mean score for the clinic-referred group was 38.1 (SD = 9.3) and 63.3 (SD = 10.6) for the control group. The children who were referred to a rehabilitation clinic were judged to be less physically able by their parents than children in the control sample. Note. Factor loadings above .50 are printed in bold.
Concurrent validity
The relationship between the DCD-Q and MABC was first explored by calculating the correlations between the total scores on the DCD-Q and the total and subtest scores of the MABC for the two age groups in the random sample and the combined clinic referred/control sample (See Table 5 ). Significant, but low correlations were obtained between the total score of the DCD-Q and the total score of the MABC for the random sample, whereas relatively high correlations were obtained (r = -.65) between the total DCD-Q and MABC scores for the combined clinic referred and control sample. In table 6, the sensitivity, specificity, positive predictive value and % agreement are presented for the combined clinic referred and control groups. The data regarding the sensitivity reached the desired rate of 80%: 81.6 % of the children with DCD are correctly identified if the MABC serves as a gold standard. Of the children without movement problems according to their MABC score, 84% is judged to have no motor problems by their parents as reflected on a good score on the DCD-Q (specificity).
The specificity approached, but did not reach the desired rate of 90%. Of the children with DCD according to the DCD-Q, 85% turned out to have DCD by the MABC as well (positive predictive value), which means that 15% false positives were obtained. According to the APA norms, less than 30% false positives are preferable for a screening instrument. The overall agreement between the DCD-Q and the MABC was 82.7 %, and thus reached the preferred rate of 80%. A Kappa value of .65 was obtained, which was in the fair to moderate range.
In Table 7 , the sensitivity, specificity, positive predictive value and % agreement are presented for the random group. In this group, sensitivity appeared to be low (28.9 %), due to a large percentage of false negatives. Specificity almost reached the desired rate of 90%:
89% of the children without movement problems were correctly identified. The positive predictive value was low: 44.8% of the children who failed the DCD-Q actually appeared to have DCD on the M-ABC. A kappa value of .21 was obtained. Aim of this study was to investigate the psychometric properties of the DCD-Q in both the age range for which the questionnaire was developed (8 years and above) and a younger age range (4-8 year of age). With regards to the internal consistency, the DCD-Q proved to be a reliable instrument, even if younger children were included in the analysis. The data regarding the internal consistency of the DCD-Q are comparable to those obtained by Wilson et al. (2000) . In contrast to the data by Wilson et al. (2000) , the internal consistency improved further in both age groups if item 11 "Your child's performance in individual sports is better than in team sports" was deleted. This finding might reflect a cultural difference. In the Netherlands, the majority of the children participate in only one sport. Therefore, it is hard to judge for parents whether their child would be better in individual sports compared to team sports.
Neither age nor gender was of influence on the DCD-Q score in the older age group, corroborating the results by Wilson et al. (2000) . For the younger 4-8 year old children, boys scored significantly poorer than girls on the questionnaire. In addition, the effect of age in this age group almost reached significance (p=. 07). Consequently, if the DCD-Q is to be used as a screening instrument for children aged 4 to 8, separate norms for boys and girls for the different ages need to be developed. An effect of age in 4 to 8 year old children may reflect the ability of parents to notice the fast rate at which motor skills in this age range develop.
The fact that the same factor structure was obtained in the current study in the older age range as in the Wilson et al. (2000) study, demonstrates the robustness of the underlying motor factors. If the 4-8 year old children were taken into account, the four factor structure found in the older age group changed into a three factor structure, as the factors 'gross motor planning' and 'general coordination' emerged as a single factor. It is well known from the developmental literature that movement skills tend to become more differentiated with increasing age (Gallahue & Ozmun, 2002) . The emergence of a four factor structure when children become older reflects this developmental phenomenon. A difference between the current results and those by Wilson et al. (2000) was that item 11 did not load on any factor.
As mentioned earlier regarding internal consistency, this probably reflects a cultural difference.
Both the MABC and the DCD-Q measure different aspects of motor behaviour. The MABC particularly measures a range of very specific motor skills, while the DCD-Q addresses the functional manifestations of motor coordination in daily activities. One might hypothesise that problems in motor skills are also reflected in motor coordination during daily life activities. To investigate this hypothesis, the correlation between scores on the DCD-Q and MABC was calculated. In the random sample, the correlation between the DCD-Q and MABC scores was significant but low (-.21 for the 8-12 year old age group). In two previous studies described by Wilson et al (2000) higher correlations were found between the MABC and the DCD-Q (r = -.59 and r =-.47) and between the BOT-subtests and the DCD-Q (r =.46 -.54 and r =.57 -.66). However, these data were obtained in a sample of children with a high proportion of learning and attention problems. It is well documented that children with learning and attention problems frequently demonstrate motor problems as well (Kaplan et al., 1998) . Consequently, more variation in motor skill performance might have been present in the Wilson et al. sample leading to a higher correlation between the DCD-Q and MABC.
When the correlation between the DCD-Q and MABC scores was calculated for the combined clinic referred/ control sample, a much higher correlation coefficient of .65 was obtained, comparable to those in Wilson et al.'s study (2000) . However, only about one third of the common variance between the scores of both instruments can be explained by motor problems. Thus, we may conclude that both instruments assess different aspects of motor skill performance.
In order to be useful as a screening tool, the DCD-Q should identify the same children with and without motor difficulties as the MABC. The sensitivity is of particular importance in this respect, or the ability of parents using the DCD-Q to correctly identify children with DCD.
Sensitivity reached the desired rate in the combined clinic-referred and control sample, as 81.6% of the children with DCD were correctly identified with the DCD-Q. A similar rate for sensitivity was recently obtained in a selected sample of children referred to a paediatric occupational therapy department (Green et al., 2005) . However, more accurate rates of sensitivity can be obtained in samples containing equal numbers of children with and without the condition, as was the case in the combined clinic referred/control sample in the present study.
In the random sample, were the number of children with DCD was small, sensitivity proved to be poor (28.9%). It is known that prediction of a disorder in a community sample is more prone to false negatives (Goodman & Scott, 1999) . In contrast to clinical samples, milder cases of DCD predominate in community, which are particularly likely to be missed.
On the other hand, the use of the MABC as gold standard may also have contributed to the low sensitivity rate of the DCD-Q in the random sample. In previous studies, the MABC tended to identify more children with DCD than other measures of motor skill performance, such as the BOT or the MABC-checklist (Junaid et al., 2000) . The MABC was found to be particularly sensitive to children with attention problems . It might be possible that the large number of false negatives in the random sample was partly due to attention problems in children leading to worse performance and failure on the MABC. No information regarding behavioural problems was gathered in the random sample, which makes it impossible to verify this explanation.
In the present study, better results regarding sensitivity of the DCD-Q were obtained using the MABC as gold standard compared to those in a study by Crawford et al. (2001) using the BOT as gold standard in a sample containing equal numbers of children with DCD and without DCD (sensitivity = 38%). However, none of the children with DCD in the latter study were referred for motor problems, which might have been of influence on the results.
The specificity of the DCD-Q was only just below the preferred standard in both the random sample (89%) and the combined clinic-referred/control sample (84%). This implies that if parents do not express concerns about motor functioning of their child on the DCD-Q, the MABC test score will support their view in 84-89% of the cases. These results are in agreement to those of Crawford et al. (2001) , who concluded that the DCD-Q is most useful as a tool to screen those children without DCD. If a negative result is obtained with the DCD-Q, one can be fairly sure that a child does not have DCD.
Regarding the positive predictive value in the combined clinic referred-control sample, 85% of the children identified by the DCD-Q as having DCD will truly turn out to have a motor problem on the MABC. This implies a false-positive rate of 15% if the MABC reliably can be considered as a gold standard. However, the positive predictive value dropped from 85% in the clinical-control sample to 44.8% in the random sample. Thus, parents in the latter sample express more concern about their children's motor development than is warranted. It is a common finding that checklists may exaggerate true prevalence of a condition due to overendorsement bias, or the tendency to claim the symptoms asked about on a checklist (Kroenke, 2001) . The tendency of parents of children in community samples to have more, but unrealistic, concerns about the development of their child as opposed to parents with children in clinical settings has been noted in other studies as well. Glascoe (1994) found that parents' concern led to more overreferrals in a sample of children drawn from day-care centres than it did in paediatric settings. Possibly, it is more difficult for parents to accurately assess the level of motor performance of their child compared to other children in the larger community where deviant motor performance is relatively rare. Consequently, slight deviations in the performance of motor skills might be judged abnormal by parents, while still being within the normal range. On the other hand, the motor problems of children with DCD who are referred to a rehabilitation clinic are obvious, leading to realistic parental report on a motor questionnaire in the clinic-referred sample.
In conclusion, the results of this study demonstrate that the DCD-Q is a valid and reliable instrument to assess daily life motor performance in 4 to 12 year old children. Motor screening questionnaires are developed to improve the detection and treatment of DCD. The results regarding the clinic-referred sample imply that the DCD-Q is a sensitive instrument to detect DCD in children at risk for motor coordination problems. In our opinion, the DCD-Q has also potential value for community-wide screening of DCD, as long as it is used as a prescreening instrument. If children are identified as at risk for DCD with the DCD-Q, class teachers and/or physical education teachers need to confirm the concerns expressed by parents before a child is referred for subsequent assessment to ensure that it really has DCD. When one only relies on the results of the DCD-Q, too many children will be referred for needless additional testing. If both parents and teachers express concerns about motor performance of a child, additional testing is required to triangulate these concerns. 
